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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a GaN-based 
semiconductor device that is excellent in power performance and 
reliability by improving the heat resistance of a Schottky junction 
electrode. 

SOLUTION: In the semiconductor device having a Schottky gate 
electrode 1 7 which is in contact with an AIGaN electron supply 
layer 14, the gate electrode 17 is constituted in a laminated 
structure of a first metallic layer 1 71 formed of one of Ni, Pt, and 
Pd; a second metallic layer 1 72 formed of one of Mo, Pt, W, Ti, Ta, 
MoSi, PtSi, WSi, TiSi, TaSi, MoN, WN, TiN, and TaN; and a third 
metallic layer formed of one of Au, Cu, Al, and Pt. Since the material 
of the second metallic layer has a high melting point, the layer 
works as a barrier against the interdiffusion between the first and 
the second metallic layers, and the deterioration of the gate 
characteristic caused by a high-temperature operation can be 
suppressed. In addition, since the first metallic layer 171 in contact 
with the electron supplying layer 1 4 has a large work function, a high 
Schottky barrier is formed and an excellent Shottky contact is 
obtained. 
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[0014] 

-©itfiMroUffitt, ^ - Hi2 7i5<N i,., Si 0.3 11^18271, A 
US2411B 2 7 2©«B«tj©*>&&-5;i£:.::<&.5. N i y S i ,- y ({lib, 0<y 
<1) HN i - S I raoiB^Ai«5fiv» £ «> , Ni*#<tO ! tiiSia-C^)tT*S.j(f*L< 
tt . 0. 4 ^ y ^ 0 . 7 5 T & -5 . «MC, 0. 65^y^0. 7 5 0> « 6 C tt . 16 j& # 1$ 
1 2 0 0 t8Jit#*i:(i<, Sfc, Ni£Jt«^Ttttt**ftl'b/.h3<J:9#£Lfr>. 

iiS ® K *5 ^ T t> 1 48© A 1 G aN«^«i&&B2 4^(DmmmW$9ffl2n. 

£ © * J6 t*J T tt , Sl4II$NiSil271l:,l;!)«)liLft*<. Sg 1 & JS B (271 5 0 
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) *fo<D®tb\z&fe-Vt±mm&tf*.2^&<t'&m&rz\t&it&R, 0<J A P t S i , Pd 
Si. N i N . P dNTf #»^TtB«/j;aS*<ien5. dCT. Ml 1 & JB /I (2 7 
1) SP t,S i ,., (Ill/, 0. 5 ^ y ^ 0 . 75). Pd y Si,- y (fiL. 0 
. 5 ^ y ^ 0 . 85) . N i y N ■ - y (fit , 0. 5 ^ y ^ 0 . 85). P d y N ,- 
( <& L . 0. 5 ^ y i£ 0 . 8 5) ffl»>fni>tl)Jt3:i))' ( tDffSU>. 
2: , d © 51 i& #J Ttt . i2^II*Aul2 7 2 CJ:i)I^l,fc*<. £ *l £ H; in * # /h 
*v>iffl^IItltixTt)B«/j:]a«A<f6hS. #J *. , $2^»g (2 7 2) t 
C u /f . A 1 Jf . Pt^»v>-rn^TB€?^^.Tt)J;^. 
[0015] 

( m 3 <d mm m ) 10 

'A iZ , 05^#figLT*^HJ<O^3©*Jg0iJS'ia^-r-5. 

15tt, dWSUSfSJtC.fc-SA 1 GaN/GaN&HJ F E T©»iSifi$it@'efe5. 

J FETB, S I C»fi3 1 ±fc»«*nfcf »#Iii»6«(S*nT y >4. SiC 
S « 3 1 ± fC fct . 7>H-7iOA 1 N/t»;77l3 2, 7 >( ! -^OG a Nrt y 7 7 1 3 
3 ( 81 JP 2 m ) . 7>H-yin 0 ..Ga„. 9 N*>645 I n G a Nf t^jH 
34 (& P 1 5 n m) *itf7> F-^A 1 ,. ,G a ,Ni)> 645 A 1 G a Nl? 
ft^!35 (i»4flnra) <D«Jl£nfc¥##gatJgfi&£tlT^.5. 

A 1 GaNlf tt^I3 5l:ftLT^-AttS«4*t5V-X«ffi6 S*3 t k^KW"f>1; 
!6D*«f sSSnXviS. £ <S> K . A 1 GaNtf«JS13 5l:8lTSliIItLT 
Nio.7 Si,.,!i>eSiNiSil3 7 1, |2^aiHTMol 3 7 2, I 20 

3 &mm t u a u m 3 7 3©«ji#ij£*>£&*y-h®&3 y^fusn. 

->a y StlT.iS. I nG a N t A 1 G a N Otef S»^ICigB1-4 t 

xV^®S!im*5«tO:e%tt»ffiaimfC#Vi. I nGaN^-v^;PS3 4 <D A l G a N JI 3 
5<i:<D|?-ffijg^{c«2^7£«^^^*i)gfiK$n-5. HJFET«. y~hSl3 7©it 
t?2^7cm ; ?^Xjg«$^i)|-r-5Cl<!:»C«fc0, h7>y7^HTlff$tKii)'t$ 

[0016] 

Z.<D$$mWCO&Wi\Z. y-Hl37))«NiSil371, M o B 3 7 2 . A u g 3 7 3 
0«l«iA^ij|^ntH3:tT*5. Mo«. SS^^*52 6 3 0 < CiiiS^^:»e>. N 
i tAuCiljlSiilc^tSAiJttLtK. Z. (Dfctb , iUMKliJ^Tfcy — h U - ^ 30 
mjg^«i§!lSn-5. A 1 GaNt?ftKl8 6lcKt«MlAIH;,-N 1,S i 1 

- y ( L . 0 < y < 1 , J;O0?£L<«O. 4 ^ y ^ 0 . 7 5) ©N I - S i 
^*^^fcJ&Ni*fr.i;Ot>il5iaT?^^T$.-5. <h<fC. 0. 6 5^y^0. 7 5 <£> « 
ICtt. ffl!^j!)t*«)1 2 0 0 , C^±i#^tCiiS<, £ . NitJtilELTfiSi^liliafc/jN^^ 
. Z. (Dfztt> , KlC*v)TfcSl^I©AlGaNl?ft^S3 4'v©fitSt^fflia$n 

d©Sig«Ttt, fl 1 & JB JI (3 7 1) *Ni y Si,-,KJ:0#|j*'Ufcj&». ;m £ ffi 
©^Wt^3£TJLotfcyM^c^^$^aib&«*fc«^{b^Jg, 0iJA«PtSi. PdS 40 

. P t r S i ,., (flL, 0. 5 ^ y ^ 0 . 7 5) ,'Pd,S I ,-, (fit, 0. 5 
^ y ^ 0 . 85) , N i „N ,-, (<& L , 0. 5^y^0. 85) , Pd y N,- y ( 
<S b . 0. 5 ^ y ^ 0 . 8 5) OV>fn*Tl«H**iiT*S. 
[0017] 

H © * J6 0IJ T « . S2^II£Mol 3 7 2 l:«t Offi^Ufciil', cn*te<Diesli^C^JBS 
titftaT^84H*))'l6n5. 0fl , lg 2 & JB g (3 7 2) £ P t g . W|, 
Til. TalCHfn*?lf«(^TU^. £ . Jg 2 & JB g (3 7 2) SitSU^T 

*. « , m 2 & mm (372) smo.s.i ...b, p t , s 1 , - « ■ , w.si,. so 
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* 

,S , T i , S i , - X S , T a , S 1 i-.J| . M o ,N >..)■ . W.N.-J, 

T i iN i..f . T a . N , - „ S (fib. 0<x<l) O^f ni)>TBf IS J; 

£ , d tf> * SS T tt , ul 3 7 3 (UDIfiElfcAt. $3^81 (37 

3) &m.tn®#'hi<^m<D&mm^mz&KT*mmts.$))mtfn<btiz>. m *. « , s& 2 & 

«S (3 7 3) £ C u S . A IS. Ptli!)l)fn*>TlS»^5:iiilTt5. 
[0018] 
( m 4 <D * K 0)J ) 

0 6tt, Cl<OSIJS0i]tC < J;SGaN^^)®-*«ft:«|1L^mh5>>'X^ (MESFET) jo 
Clffi5iii5:^t@T*5. dOMESFETtt. S i CSfi4 1 jESnfc^ift: 
l»m«*ntW5. S i CIS4 1 il:H, 7^-7"fflAlN«777l42, 7 
>H-^OGaNAy7rS4 3 (Rf 1 jim) , nIGaNf t^JH44 ( ^ &l jg 

g 2 x 1 0 ' 7 / c m 3 _,, ®S /» 1 5 0 n m ) ©fgS£nfc¥«#S#^f££nT^-5. 
niGaNftlJH4 4 ± I: : LT t - AttftlK^ t e tl5 V - X 18 6 Sfe<fc 

«:HH>il6D^iSStlT^5. G a Nf t ^ JH 4 4 11: C*l l:S LT 

Sl4ilil/TN i|4 7 1, $2^8lilTMol 4 7 2 , M!3&JgS<tLTAu 

1 4 7 3 ©«Iiig*^&5y-Mi4 7*<ifiESn, -> 3 -y 

& *)< <t £ *l T V> -5 = n!JGaNf : -Y*;i/S4 4©y— hSffi4 7£©#ffiifi#fctt, £2. 
l*'»)iESn5. MESFET «. y-h«8i4 7<0«feT^2.SiP*^PT-5ClifCj: 20 
0. h7>^X^iLTl)fStSii#T^5. £ © * J6 0ij "C « . f t*JH* niG 
a N l: i 0 i ^ L fe ^ , :tl*nll n G a NICltfftxTfc il>. 
[0019] 

£ <D ffc J6 tt , 0 1 l^lfcy- t-tliil 1 7*GaNf MESFETCSffllfctro 

«stt*««»iwsn. ^^m«i4*irsj±-r-5. $ £ . >• a h * - 1§ g a< its < . 
3^h*-SM^#5.n-5. y-h«i4 7S, @4i:iL&y-niiS2 7 
rttft^.Tfe±^. ®2©ms0ijtintfc. iis m k & ^ t *> , ni©g 

aNf t^;H4 4A.©iffi»*tjiiai$n > $f«stti)!|Si±t5. y - h « a 

4 7*. 0 5 CSLfey- 37Tlfift^Tt)<t^. C <Z) « £ K tt , |g 3 <D * 30 

SS0iI<i:ig«UC, ^l^JBSi^3^JSSrofflSiS*^fflI$!lSn-5t^{C, Si! 1 & Jg S © G 
aN^r*;PS4 4^W^i£«t^«IftiJSn, lflitt*ifiitS. 

[ 0 0 2 0 ] 

( m 5 © m m m ) 

& , 07<&#RgLT*%^<D^5W^^«aj*gJ^-r-5. 

uWHJSWICiSGaN/A 1 G a N & H J F E TWBrBiSSitgTib?.. 
£©HJFETtt. GaNlS5 l±l;»6ESnfcflftli^iJE$ftt^5. G a N 
iS5 l±l:B. 7>K-y©AINA777l52, 7 > H — ^©GaNf t$JH5 
3 (Rfl/im) . n A 1 o. 2 G a o. s N ( ^ ft& 4ft jg « 2 X 1 0 " / -c m 3 
. 113 0 nm) »6ft«nlAl GaNt-pfttll54, T>h'-7 , ©GaN^A'^;i/ 40 
15 5©«lJtlfci|s«#l!)<il)J$ntt>5. 

G aNf t*JH 5 5±Cuni;8LT^-Att8f«!iii'i:^nfcV-XiI6S*iiy;H 
k -f > « S6D*'WSnt^5. £ S fc: , GaNf t*JH5 5ll::ni:iLT$l 
^llil/TN io.sS io. 6 *>6ftiNl S iS57 1 , l2iIltlTAu 
■ 5 7 2 Ctma*6ftfiy-Hi5 7#»)8Sn, £ <Z> « ® tt » ^ayh^-ttft 
£ 6 *l T ^ * . GaN^^^;i/B5 5(0A 1 GaNtt^ttiSSSS 4<tO#®ifi^fC« 
, 2^7C«T^fX*t}gfi£$tl^>. HJFETtt, y-htS5 7 ©tfit 2 *7ctf ^X 

tt. ft^;HJGa NIC «fc 9 $ f£ L # , CftSI nGaNlcltfi^IfciH. 
[0021] en 
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« 

£ CO H J6 . m 4 \ZtH I, fz y — h « ffi 81 jg 2 7 £ G a N / A 1 G a N * CD H J FET« 

i&izmm v tz h <dt $> z> . Lfc#oT, m2o*sfi{ajtm«(c. iss a k *3 1> t t> . $1^ 
^ k « . & i ommm tmm\z . &i&\z$>\,*T & 1 & ms t & 3 & mm <Dttm.t&mtfw 

M ** » 6 ft s . 

S 6 K . y-Hi57*, B5t«Lfcy-ht«iiS3 7fl*DI)LTfcJ:l». C CD 

IC . Sl^li(5GaNft*M5 5M!)itEfti)!jiasn. «?AMtt^l^±t--&. 10 
[ 0 0 2 2 ] 

ftf. *»WOJR8K:qir**a««**tt;:ta:«j|fcT?**. « *. tf . ± IB * M « »c * 
<^ T « -> 3 ht-8Sfg!)<8«t5fiftliLtGaNltfcttA 1 G a N Jl £ JH 
l» fc ** , InAlNS, InGaNB, I n A 1 G a N Jl , A I N|*ffll>Tt)i^. * 
fz . G a N Jf . AlGaNS, I n A 1 N g , InGaNB, I n A 1 G a N g , A 1 N 
JI co co 4> & < tfe l g£-&trifite^JI<hL.T ! b<fcv>. 

SIC ± IB * Jft M fc *5 T tt v — ^ m S , y-h«S, Fl'-f>ft«jJ«ra — ¥*H*Ji±fc 

ffi G a N , A 1 GaN«0¥WttJIAK:«&&£ftfca&&»y--h*l£«&?T'b.}: 
^ • 

[ 0 0 2 3 ] 
[ 38 ^ CD %i « ] 

£A±. # fg iHK «fc ft . G aNlS^ifgglrfcHT, S'a 7 h*-*ftf I*N I . P 
t , Pd(O^i-rn*MCJ;0^fiK$tl-5^1^JSS, Mo, P t , W , T i , T a . Mo, 
Si,.,. P t , S i W x S i T i .S 1 T a , S i ,-, 

. M o .N .... W.N,-., T i » N , - « , Ta.N,-. (fit , 0<x<l 

) ortonftiiM:i0iicsn5f24il. a u , cu, ai, p t ©wovjf 

£J:9&l«3ftS£.3&JNj|<DlXj|#!tt£.l:D«|j$?«. cntiO, Sg 1 & Jg £ US 3 & 30 
loffllffift^flisisn, ««tt*<i^±-T*. * it % §! l & « tt tt » IS v> ao , 

JSfC, ->3-y h^-^^m®SrN i,S i ,- y , P t y S i , - y , Pd y S i , - y 
. N i y N , - y , P d „ N , - y ( ffl. L , 0<y<l) CD ^ T ft t£ «k 0 J£ J« £ ft 5 g! 
1 & JR € . Au, Cu. A 1 . P t ©rtO^f tliMUOf ^Jn5l2^BS«iIi 
J6KJ:01rlJ*Tfttf, JRl&JHOGaN«¥*«^OiR«{;««t«iMSft. ft & «■ ffl ± "T 
* . £ cd & , ¥i£#t£BWiiSi&4#tt, *#-*-*ii:a*"C**. • 

[Hj5©fffl#^KM] 

[01] *^W©f 1 (OHIWTJbSH J F ET©MiilSit@T*?.-. 

[02] Eic^iftgiic^tsiiiiii, ^saa^©is**i6]y-h«gg-mffi#tt^ 40 

#14 0 T & 5 . 

[03] «*stBiifc«sbfc0io*sfrgBfc*»t««a?oai*««©y-h«ft#tt?£ 

[04] *&mo>m2<Dmt&WV$>2>HJ FET»BiBiI$*t@T*4. 

[05] *«f (0« 3 O^iMTSSH J FETOiB«SSStSTJb5. 

[06] #589iCDSg4CD5liS0iJ-e<&£MES FET©MiI*it0T»5. 

[07] *RW<Dfg5<DmffiM-V&Z>HJ FET©BfB«iiSr*-r0-e$.-5. 

[08] tE*&ffiCJ:«¥*{t£Ba||rlii«IJfi**rH-?&«. 

[09] t^o^ifrticifflii, #ua a a © as # i*j y - h ««t - •Bffi^tt ^ *-r# 
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6 D FH>I8 
6 S V - X ® M 

11, 21, 61 f 7 7^f 7lfi 

12, 22, 32, 42, 52, 62 A 1 N A* y 7 y M 

13, 23, 55, 63 GaN^^*;UJI 

14, 24, 35, 64 AlGaN«^{fciS&/I 

17,27,37,47,57,67 y - Mg 10 

171,471,671 N i Jf 

172,372,472 Mo« 

173,272,373,473,572,672 Au/I 

271,371,571 N i S i /l 

3 1,41 S i C mWL 

33, 43 G a N /\* 7 7 7 1 

34 I nGaN^-f* )V M 

44 nfflGaN^V*;PB 

5 1 G a N * « 

53 A 1 GaN/t^77S 20 

54 nHAlGaNS^«iS£/I 
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(SDInt.Cl. 7 FI f-va-F (##) 

H 0 1 L 29/872 

(72) &m mm 
(72>«w# mm tew 

M^m^^TS 7 S 1 « B*ttjM*A£4i:A 

F^— 4M104 AA04 AA07 BB02 BB04 BB05 BB06 BB14 BB17 BB18 BB21 

BB22 BB23 BB25 BB26 BB27 BB28 BB30 BB31 BB32 BB33 

BB36 BB38 CC03 FF16 GG12 HH05 

5F102 GB01 GC01 GD01 GJ02 GJ04 GJiO GK04 GL04 GM04 GQ01 

GQ02 GR01 GS02 GT01 
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